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Over the past half century, computerized speed synthesis has provided not only
applicaions for linguistic theory, but also a source of feedbadk that allows those theories
to grow. Receant developments in computer animation have now made sign synthesis
possble with almost any personal computer manufadured today, and the same benefits
will soon emerge for sign linguistics. In the processof developing SignSynth, an Internet-
based prototype sign synthesis application, | have found it helpful to treda the phonology
of American Sign Language (ASL) as being composed of at least four distinct subsystems.

The history of sign synthesis has paralleled the older field of speed synthesis. Just
as the “pattern playbad” madines of the 1950s produced understandable, if unnatural,
speed from invented spedrograms painted on paper (Liberman et al. 1957, the ealy sign
synthesis programs produced understandable stick-figure movements based on detailed
descriptions of the motions to be synthesized (Loomis, Poizner and Hollerbad 1982).
Both of these systems involved a low-level correspondence between input and output.
Current prototypes are more alvanced, and reports of work in progressat the University
of Delaware (Messng 1997 and Hitadhi Central Reseach Laboratories (Ohki et al. 1994
indicae that at least those two take into acount some aspeds of sign phonology.

One major problem with many of the sign synthesis programs currently under
development is their confusion of synthesis with trandation. It is a well-establi shed
principle that a signed language is not smply a signed version of some spoken language.

This principle is one of the foundations of sign linguistics, but it is often ignored in
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discussons of sign synthesis. For example, the statement by one of the officers of the
company SeamnlessSolutions that “W €'re working on an animation engine that will take
any text to sign language. [...] If awordisnt inthe arrent vocabulary, it will be
communicated through finger spelling” (Wideman and Sims 1998 implies that Englishis
the “text” form of American Sign Language. Even systems sich as the Delaware and
Hitachi prototypes, which clealy distinguish between ASL and English, and Japanese Sign
Language (JSL) and Japanese, respedively, still focus primarily on word-for-word
trandation. In addition to perpetuating this myth of signed/spoken language ejuivalence,
they also render the programs incgpable of synthesizing signs which have no one-word
equivalent in the spoken language.

One reason for the persistence of the myth of signed/spoken language equivalence
isthat the notion of text is not very well-developed for signed languages. 1n everyday
written correspondence, most signers use some form of a spoken language. Many signed-
language scholars use al hoc “gloss’ notations, whereby signs are represented in their
natural order by uppercase words taken from a spoken language, along with invented
forms auch as“PRO.1” for some grammaticd words. Other scholars use one of the nine

phonologicdly-based notations (Miller 1994, such as Stokoe notation or HamNoSys.
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Infad, in addition to the phonology that governslexicd signsthere ae & least
threeother phonologicd subsystems, all of which are used in atypicd ASL conversation.
The lexicd signs, such as those for “man” or “ed,” were shown by Stokoe (1960 to draw
on afinite set of options for the phonologicd parameters of handshape, location and
movement. Fingerspelling is used mostly to produce words or names borrowed from
spoken languages. Fingerspelled letters and numbers use amuch smaller set of locaions,
but alarger set of handshapes. Classfier predicates use avery small set of handshapes,
but have awide range of locations and movements to describe in detail the size, shape and
movement of objeds. Finally, nonmanual gestures do not use handshapes, locaions and

movements, but are no lessessential to the grammar of ASL. They are used to mark topic
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and comment structure, questions and subordinate dauses. Some nonmanuals, such as the
sign for “very interesting” stand for lexicd items by themselves; others can distinguish one
lexicd item from another, for example the signs for “late” and “not yet” are identica
except that the sign for “not yet” requires the signer’ s tongue to be visible.

This division in the phonology of ASL isrefleded in the interfaceto SignSynth.
SignSynth has one module which allows the user to spedfy lexica signsin ASCII- Stokoe
(seeFigure 1). Thismodule has a set of pull-down menus eadt containing the list of
possbilities for a particular parameter. For example, the sign for “stuck” (ASCII- Stokoe
k/Vt/x.) is edfied by choosing the location (k for nec), handshape (V) and orientation
(t for towardsthe signer) from ead list. (Movement, the last parameter (x for contad,
period for repetition), is currently handled by spedfying a series of holds.) For a
compound sign or a sequence of signs, the goplicaion can generate aform with a set of
menus for ead hold in the sequence

The fingerspelling module provides a different interfaceto the ASCII- Stokoe
module. It provides afield for the user to type text in the Roman alphabet, which is then
converted into an animation sequence. The user can aso control the speed and
handednessof the fingerspelling. The module is able to synthesizethe letters Jand Z,
which are formed using more than one hold, but does not produce coarticulated
fingerspelling or loan signs. It also does not reproduce the common pradice of
representing double letters by extending the hold and moving the hand outward.

The other two subsystems have not been fully implemented yet, and will i kely be
integrated with the first two. SignSynth can already produce afew nonmanual gestures:

in the ASCII- Stokoe module it is possble to spedfy eyegaze ad eyebrow position to be
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articulated simultaneously with a particular sign. Classfier predicates are not yet
supported.

Oncethisinformation is spedfied, the gplicaion converts the phonologica
spedficaion into a set of keyframe interpolatorsin Virtual Redity Modeling Language
(VRML). Theseinterpolators can be used, with sight modificaion, to animate ay virtua
humanoid that has arms and fingers and is compliant with the standards of the VRML
Humanoid Animation Working Group. SignSynth currently includes two compliant
humanoids, and the goplication will attach the interpolatorsto one of the humanoids to
produce aself-contained VRML file, which can be displayed on most of the popular
operating systems currently in use. This usually happens automaticaly: after submitting
the phonologicd spedficaion, the initial screen of the VRML fileis displayed. The user
can then click the mouse button to display the animation as many times as desired, or save
the file for later viewing. VRML also allows the user to rotate the virtual signer and view
the sign from any angle. Finally, thefile can be mnverted to avariety of digitized video
and image formats and displayed, emailed or printed.

There ae severa potential applicaions for thistechnology. First, synthesized
speed has been used as a stimulus in several important psycholinguistic experiments, such
as categoricd perception and gating. Synthesized sign would be &le to provide smilar
controlled stimuli to seeif the findings of these psycholinguistic experiments pertained
spedficdly to speed, or rather to language in general. Second, many online dictionaries
of signed languages use large @lledions of digitized video clips for examples; these
dictionaries would be eaer to produce and store if they only had to spedfy a short

ASCII- Stokoe or HamNoSys representation; the aticulation of the example could be
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done using a system such as SignSynth. Also, synthesized sign could be used in
pedagogicd applicaions sich as flash cards and quiz games.

Asit isnow, SignSynth is far from complete, and there ae severa diredionsin
which it could be extended. First, there ae problems relating to the modeling of
anatomica motion which prevent SignSynth from redizing the full range of lexicd signs,
thisis an important obstade to overcome. | am also currently working to provide support
for classfier predicaes and nonmanual gestures. Another enhancement will be aparser to
allow users familiar with ASCII- Stokoe notation to type asequence of signsin diredly,
rather than choosing spedfications from menus; this would also flag fingerspelled words
and route them to the gpropriate module. Later, | would like to add support for other
notation systems, such as SignFont and HamNoSys.

In thisdiscusson | have demonstrated SignSynth, a prototype sign synthesis
program, and discussed some of the linguistic principlesit has brought to light. The
prototype of SignSynth is currently available & afree gplicaion onthe UNM Linguistics
Department’ s World Wide Web server at <http://s-leodm.unm.edu/signsynth>. Everyone

isinvited to try it, and comments and questions are welcome.
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